Activation of soluble splenic cell guanylate cyclase by prostaglandin endoperoxides and fatty acid hydroperoxides.
Purified prostaglandin endoperoxides (PGG2 and PGH2) and hydroperoxides (15-OOH-PGE2) as well as fatty acid hydroperoxides (12-OOH-20:4, 15-00H-20:4, and 13-OOH-18:2) were examined as effectors of soluble splenic cell guanylate cyclase activity. The procedures described (in the miniprint supplement) for the preparation, purification, and characterization of these components circumvented the use of diethyl ether which obscured effects of lipid effectors because of contaminants presumed to be ether peroxides which were stimulatory to the cyclase. Addition of prostaglandin endoperoxides or fatty acid hydroperoxides to the reaction mixture led to a time-dependent activation of guanylate cyclase activity; 2.5- to 5-fold stimulation was seen during the first 6 min. The degree of stimulation and rate of activation were dependent on the concentration of the fatty acid effector; when initial velocities (6 min) were assessed half-maximal stimulation was achieved in the range of 2 to 3 micrometer. However, by extending the incubation time to 90 min similar maximal increases in specific activity could be achieved with 3 or 10 micrometer PGG2 or PGH2. Activation of guanylate cyclase upon addition of prostaglandin endoperoxides or fatty acid hydroperoxides was prevented or reversed by the thiol reductants dithiothreitol (3 to 5 mM) or glutathione (10 to 15 mM). Na2S2O4, not known as an effective reducing agent of disulfides, prevented but was relatively ineffective in reversing activation after it had been induced by PGG2. Pretreatment of the enzyme preparation with increasing concentrations of N-ethylmaleimide in the range of 0.01 to 1.0 mM prevented activation by PGG2 without affecting basal guanylate cyclase activity. These observations indicate that fatty acid hydroperoxides and prostaglandin endoperoxides promote activation of the cyclase by oxidation of enzyme-related thiol functions. In contrast PGE2, PGF2a, hydroxy fatty acids (13-OH-18:2, 12-OH-20:4) as well as saturated (18:0) monoenoic (18:1), dienoic (18:2), and tetraenoic (20:4) fatty acids were ineffective in promoting cyclase activation in the range of 1 to 10 micrometer. Studies to identify the species of the rapidly metabolized prostaglandin endoperoxides that serve as effectors of the cyclase indicated that PGG2 but not 15-OOH-PGE2 (the major buffer-rearrangement product of PGG2) is most likely an activator. In the case of PGH2, a rapidly generated (30 s) metabolite of PGH2 was found which contained a hydroperoxy or endoperoxy functional group and was equally as effective as PGH2 as an apparent activator of the enzyme. The combined effects of PGG2 and dehydroascorbic acid, another class of activator, exhibited additivity with respect to the rate at which the time-dependent activation was induced. These results suggest that activation of soluble guanylate cyclase from splenic cells can be achieved by the oxidation of sulfhydryl groups that may be associated with specific hydrophobic sites of the enzyme or a related regulatory component.